Acacia mellifera has been used widely in traditional African medicines against various diseases. Among the Kipsigis community of Kenya, water extracts from the plant is used for the treatment of skin diseases, coughs and gastrointestinal ailments. The aim of the study was to provide scientific rationale for the use of the plant in traditional medicine through bioassay-guided fractionation of A. mellifera stem bark. Bioactivity testing was done against selected microbes using disc diffusion technique as outlined in Clinical Laboratory Standard Institute (CLSI). Structure elucidation of the isolated compounds was based primarily on 1D and 2D NMR analyses, including HMQC, HMBC, and NOESY correlations. Fractionation yielded three triterpenoids; (20S)-oxolupane-30al, (20R)-oxolupane-30-al, and betulinic acid. The three compounds were active against Staphylococcus aureus ATCC 25923 and only (20S)-oxolupane-30-al against clinical isolate of Microsporum gypseum. The three compounds had no activity against Escherichia coli ATCC 25922, Enterococcus feacalis, Candida albicans ATCC 90028, Cryptococcus neoformans, Trichophyton mentagrophyte, Candida krusei, Microsporum gypseum, and Sacharomyces cerevisiae. These results explain and support the use of A. mellifera stem barks for the treatment of infectious diseases in traditional Kenya medicine.It also shows that the antimicrobial activity is concentrated in the triterpenoid fractions.
Introduction
Acacia mellifera is a shrub or tree belonging to the family Leguminosae. It is widely distributed in Kenya and is widely used for medicinal purposes in both human and veterinary medicine in resource-poor rural and urban households. The decoction of its stem barks is used against diarrhea and eye problems in livestock, stomachache, malaria, coughs, primary infection of syphilis, sterility, and pneumonia in human being (Kokwaro, 1976) . Plants in the family Leguminosae are known for their many sesquiterpenoids (Dastalik et al., 1991) , diterpenes (Joshi et al., 1979) , triterpenoids (Mutai et al., 2004) and flavanoids (Malan, 1995) Afr. J. Traditional, Complementary and Alternative Medicines www.africanethnomedicines.net Nevertheless, no exhaustive phytochemical studies have been conducted on the A. mellifera species. The present paper reports on the chemical and antimicrobial properties of stem bark extracts of A. mellifera in an attempt to provide scientific justification of its use in Kenyan traditional medicine and to identify the bioactive compound.
Materials and methods

Plant material
The stem bark of A. mellifera was collected in January 2000 from Machakos, Kenya and identified by Mr. Onesmus Mwangangi of East Africa Herbarium-National Meseums, Nairobi. A voucher specimen (ChM-1) was deposited at the same institute.
Extraction and isolation
Dried powdered stem bark of A. mellifera (2.25kg) was successively extracted with dichloromethane (100%) and methanol (100%). The resulting extracts were filtered and concentrated under vaccum to afford a dark brown residue. The dichloromethane residue was subjected to column chromatography on silica gel, using cyclohexane, cyclo-hexane and EtOAc mixture of increasing polarity, and finally pure EtOAc, to yield 61 fractions. These fractions were further combined to fractions I-IX on the basis of TLC. Fraction III was eluted with cyclohexane-EtOAc (gradient, 98:2), and further purified on silica gel using cyclo-hexane EtOAc (9:1) to yield relatively pure triterpenoids. The triterpenoid extract was further purified by normal phase HPLC to obtain three pure triterpenoids identified by spectroscopic techniques.
IR spectra were recorded on a Paragon 500 Perkin-Elmer infrared spectrophometer. EIMS data was obtained with a Hewlett Packard 5973 GC/MS spectrometer. The NMR spectra were recorded on a Bruker DRX 400 for 1 H and Bruker AC 200, respectively, in CDCL 3 . Chemical shifts are given in δ (ppm) scale using TMS as internal standard. The 2D experiments ( 1 H-1 H COSY, HMQC, HSQC, HMBC) were performed using standard Bruker microprograms. EIMS data were recorded on a Hewlett Packard 5973 Mass Selective Detector. Column chromatography was performed with Kiesegel 60 (Merck), HPLC was conducted on an Agilent 1100 series with refractive index dectector, with Kromasil Sil 100, 5 um, 280x8mm column. TLC was performed with Kiesegel 60 F-254 (Merck aluminum support plates).
Antimicrobial assays
Antimicrobial activity was carried out at the Center for Microbiology Research using disc diffusion method (Vlientinck et al., 1995) . Antibacterial activity was done on Mueller Hinton agar (Oxoid) using Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Enterococcus feacalis. Antifungal activity was determined on sabourauds dextrose agar (Oxoid) using Candida albicans ATCC 90028 and clinical isolates of Cryptococcus neoformans, Candida krusei, Microsporum gypseum, and Sacharomyces cerevisiae. Briefly, bacteria and yeast test strains were cultured on Mueller-Hinton gar for 24 hrs at 37 o C and 35 o C respectively and the molds on Sabouraud dextrose agar at 30 o C for 72 hrs ambient air. A 0.5 McFarland standard suspension was prepared in normal saline. For molds, mycelia suspension was used. The suspension was spread uniformly on Muller Hinton agar for bacteria and sabouraud dextrose agar (SDA) for fungal strains. A 6 mm sterile paper disc was impregnated with 10 µl of the test extracts, dried in a clean bench before aseptically placing onto the surface of the inoculated media. The plates were then incubated at temperatures of 35 o C for yeast, 37 o C for bacteria and 30 o C for dermatophytes for 24 and 72 hrs respectively. The zones of inhibition were measured as indicators of activities. Extracts with activity were fractionated and retested for bioactivity as previously described. All the tests were done in triplicate. Chloramphenicol (30µg) and fluconazole (99.6% potency, Pfizer) were used as standards. Discs impregnated with extraction solvents were used as controls (Vlientink et al., 1995 ; National Committee for Clinical Laboratory Standards, 1997).
Data analysis
The diameter of inhibition zone around each disc was measured and recorded at the end of incubation period. The average of the triplicate tests was taken. The degree of activity of the extracts was expressed according
Results
The antibacterial and antifungal activity-guided fractionation led to the isolation of three compounds. Bioactivity testing of (20S)-oxolupane-30-al (IZD=10 mm), (20R)-oxolupane-30-al (IZD=10 mm) and betulinic acid (IZD =9 mm) demonstrated antibacterial activity against S. aureus ATCC 25923 (Table 3 ) at a concentration of 1mg/ml. However, no significant activity was observed against Escherichia coli ATCC 25922, Candida albicans ATTC 90028 and clinical isolates of Enterococcus feacalis and Cryptococcus neoformans common opportunistic pathogens.
The (20R)-oxolupane-30-al and betulinic acid did not demonstrate any in-vitro antifungal activity against a wide spectrum of pathogenic fungi namely; Candida albicans, Trichophyton mentagrophyte, Candida krusei, Microsporum gypseum and Sacharomyces cerevisiae. However, (20S)-oxolupane-30-al (IZD=21 mm) was active against Microsporum gypseum a common agent of dermatophytoses. 
Discussion
The 20S and 20R configurations are usually difficult to be distinguished and separated and have only been previously isolated as a mixture (Corbett et al., 1987; Fang et al., 1984) . But this is the first time these two compounds have been isolated as separate compounds elucidated and tested for antimicrobial activity. However, betulinic acid has been isolated from various plants (Weinges and Schick, 1995) . The (20S)-oxolupane-30-al, (20R)oxolupane-30-al, and betulinic acid showed antibacterial activity against S. aureus. However, there were no significant difference in the activity of the three compounds against S. aureus (p>0.05). Like other triterpenoids such as Imberbic acid, which have been shown to have potent bactericidal activity against Mycobacterium fortuitum and S. aureus (Katerere et al., 2003) , the three compounds were active on S. aureus. Apart from antimicrobial and cytotoxic properties, other biological properties of betulinic acid have been reported (Bringmann et al., 1997; Pisha et al., 1995) . Betulinic acid derivatives applied topically have been shown to selectively treat or inhibit melanoma (Pezzuto et al., 1999) . Investigations of butulinic acid derivatives have been shown to be a specific HIV-1 inhibitor and a potential candidate for anti-HIV drug (Kashiwada et al., 1998) .
Previously we demonstrated cytotoxic activity of lupane types of triterpinoids against the NSCLC-N6 cell line, derived from a human non-small-cell bronchopulmonary carcinom (CI 50 15-30 µg/ml) (Mutai et al., 2004) . However, the two triterpenoids; (20S)-oxolupane-30-al and (20R)-oxolupane-30-al were found to have no cytotoxic effect on the cells (Mutai et al., 2007) . Therefore, the lack of cytotoxicity exhibited by (20S)-oxolupane-30-al and (20R)-oxolupane-30-al against NSCLC-N6 cell line suggests a good antimicrobial product.
In conclusion, the activity shown in bactericidal and fungicidal activities of (20S)-oxolupane-30-al, (20R)oxolupane-30-al and betulinic acid indicate that they are a major active constituent of the stem bark extract of A. mellifera. Therefore, it partly explains and supports the use of the decoction of the stem bark of A. mellifera in traditional medicine for the treatment of infectious diseases and human mycoses in Kenyan population. Studies with (20S)-oxolupane-30-al showed good antifungal potency and lack of cytotoxicity make it an important subject for structure-activity studies aimed at development of novel antifungal agents with an improved therapeutic index.
